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Description 

This invention relates to a process for producing an unsaturated aldehyde and an unsaturated carboxylic add by 
gas-phase catalytic oxidation of propylene, isobutyiene or tertiary butanol. More particularly, this invention relates to a 

5 method of inhibiting the performance deterioration or degeneration of the catalyst for use in said process, to a method 
for reuse of the deteriorated catalyst, and to a method of regenerating the deteriorated catalyst. 

The production of acrolein and acrylic acid from propylene and the production of methacrolein and methacrylic acid 
from isobutyiene or tertiary butanol by the gas-phase catalytic oxidation reaction using the so-called molybdenum-bis- 
muth composite oxide catalyst, and the production of acrylonitrile or methacrylonrtrile by the gas-phase catalytic ammo 

10 xidation using the same catalyst are well known. However, when the reaction is continued in a long production run, this 
catalyst suffers deterioration or degeneration so that the conversion and selectivity of the reaction are lowered with time. 

Several technologies are known for controlling the deterioration of the composite oxide catalyst Japanese Unex- 
amined Patent Publication (Kbkai) No. 59-193136, for instance, proposes a method which comprises using a molybde- 
num oxide-bearing substance prepared by supporting molybdenum oxide on an inert heat-resisting inorganic 

is substance, and Japanese Examined Patent Publication (Kbkoku) No. 63-38331 proposes a method in which a plurality 
of molybdenum-bismuth multi-component catalysts prepared with a gradient of activity by varying the kinds and/or 
amounts of alkali metal and thallium group elements in the molybdenum-bismuth mufti -component catalyst are 
arranged in an increasing order of activity from the reactant gas inlet side to the outlet side of a reactor. 

Japanese Examined Patent Publication (Kokoku) No. 53-30688 proposes a method in which the catalyst is diluted 
» 20 with an inert substance and packed in such a manner that the catalyst activity increases either continuously or stepwise 
to 100% in the direction of flow of the reactant gas. viz. from the inlet to the outlet of a reactor. 

However. Japanese Unexamined Patent Publication (Kokai) No. 59-193136 has the disadvantage that the catalyst 
must be supported on an inert heat-resisting inorganic carrier and, moreover, the selectivity of the desired compound 
according to the process disclosed therein is not sufficiently high for commercial use. 

25 The technologies disclosed in Japanese Examined Patent Publications (Kbkoku) Nos. 63-38331 and 53-30688, 
which are intended to control the catalyst activity by varying the composition of the catalyst or diluting the catalyst to 
avoid local temperature rise, are capable of suppressing to some extent the loss of molybdenum from the catalyst which 
is a cause of catalyst deterioration but do not provide for long-term inhibition of catalyst deterioration. Thus, these prior 
art technologies are not sufficiently satisfactory for practicing on a commercial scale. 

30 Several methods have also been proposed for enabling the reuse or regeneration of the composite oxide catalyst 
deteriorated in a prolonged course of reaction. 

By way of example, Japanese Unexamined Patent Publication (Kokai) No. 55-67335 describes a method which 
comprises subjecting a deteriorated composite oxide catalyst to a heat treatment in an inert atmosphere at a tempera- 
ture between 500° and 800°C, and Japanese UnexaminedPatent Publication (Kokai) No. 57-56044 discloses a method 

35 which comprises subjecting a deteriorated composite oxide catalyst to a heat treatment in a reducing atmosphere at a 
temperature between 200° and 700°C and then calcining the catalyst in a molecular oxygen-containing atmosphere at 
a temperature between 550° and 700°C. 

However, these methods are primarily intended for the treatment of the catalysts used in ammoxidation and, there- 
fore, when the high-temperature calcination procedure disclosed is applied to a catalyst for the partial oxidation of pro- 

40 pylene, isobutyiene or tertiary butanol, the catalyst tends to be sintered with the resultant decrease in activity. 

Referring to the catalyst for use in the partial oxidation of propylene or isobutyiene, Japanese Unexamined Patent 
Publication (Kbkai) No. 61 -33234 proposes a heat treatment at 380° - 540°C in an atmosphere substantially composed 
of air, and Japanese Unexamined Patent Publication (Kokai) No. 63-137755 discloses a heat treatment at 300° - 500°C 
in the presence of an oxidizing gas containing both molecular oxygen and steam. Furthermore, Japanese Unexamined 

45 Patent Publication (Kokai) No. 5-1 84945 discloses a method in which 2-10 weight % of the deteriorated catalyst is with- 
drawn from the reactant gas inlet region and the remainder of the deteriorated catalyst is heat-treated at 300 - 500°C 
in a molecular oxygen-containing gaseous atmosphere for regeneration. 

However, these methods for catalyst regeneration by heat treatment is not sufficiently effective, and as disclosed in 
Japanese Unexamined Patent Publication (Kbkai") No. 5-184945, the severely deteriorated portion of the catalyst in the 

so vicinity of the reactant gas inlet can hardly be regenerated. Moreover, repeated regeneration is impossible. 

It is known that the dissipation of molybdenum is a cause of catalyst deterioration and, therefore, it has been pro- 
posed to compensate for the loss of molybdenum by certain means for the purpose of regenerating the catalyst Japa- 
nese Unexamined Patent Publication (Kokai) No. 50-49201 describes a regeneration method in which the catalyst is 
contacted with f luidized particles of a molybdenum-containing substantially inert carrier. Japanese Unexamined Patent 

55 Publication (Kokai) No. 52-131989 describes a method for catalyst regeneration in which the deteriorated catalyst is 
saturated with a solution containing at least molybdenum and bismuth and then calcined, and Japanese Unexamined 
Patent Publication (Kokai) N . 57-56044 discloses a method which comprises adding a molybdenum compound to the 
deteriorated composite oxide catalyst heat-treating the mixture at 200-700°C in a reducing atmosphere and further cal- 
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dning th heat-treated catalyst at 550 - 700°C in a molecular oxygen-containing atmosphere 

However, all of these methods are mainly concerned with the regeneration of the catalyst for the ammoxidation of 
propylene, which is used at high temperature. Thus, in the processes described in Japanese Unexamined Patent Pub* 
lication (Kokai) Nos. 50-49201 and 52-131989. the selectivity of the fixed-bed partial oxidation reaction of propylene, 

5 isobutytene or tertiary butanol with tee regenerated catalyst is not as high as satisfactory. In the process disclosed in 
Japanese Unexamined Patent Publication (Kokai) No. 57-56044, the regenerated catalyst tends to be sintered to 
detract from catalytic activity. 

An object of this invention is, therefore, to provide a method for inhibiting deterioration of the high-activity catalyst 
used in the production of an unsaturated aldehyde and unsaturated carboxyiic acid by the gas-phase catalytic oxidation 

io of propylene, isobutylene or tertiary butanol. a method for reuse of the so-deteriorated catalyst, and a method of regen- 
erating the catalyst. 

This object could be achieved on the baas of the finding that deterioration of the catalyst used in the gas-phase 
catalytic oxidation of propylene, isobutylene or tertiary butanol for the production of me corresponding unsaturated alde- 
hyde and unsaturated carboxyiic acid, on the method for using the catalyst and on the method for regenerating the dete- 
rs riorated catalyst, can be avoided by conducting the reaction in the presence of said composite oxide catalyst and a 
molybdenum oxide which in itself is substantially inert to the reaction, or by reusing the deteriorated catalyst after blend- 
ing it with molybdenum oxide which in itself is substantially inert to the reaction. 

Thus, this invention provides a process for producing an unsaturated aldehyde and an unsaturated carboxyiic acid 
by the gas-phase catalytic oxidation of propylene, isobutylene or tertiary butanol with molecular oxygen in the presence 
so of a catalyst comprising composite oxide represented by the formula 

MOaBifeFecAdBeCtDgOx (1) 

wherein Mo. Bi, Fe and 0 represent molybdenum, bismuth, iron and oxygen, respectively; A represents nickel and/or 
25 cobalt; B represents at least one element selected from manganese, zinc, calcium, magnesium, tin and lead; C repre- 
sents at least one element selected from phosphorus, boron, arsenic, tellurium, tungsten, antimony and silicon; 0 rep- 
resents at least one element selected from potassium, rubidium, cesium and thallium; in case of a being 12, 0<b£lO, 
0<c*1 0, 1 £c&1 0, 0^1 0, CKf ^20 and 0<g£2, and x has a value dependent on the oxidation state of the respective ele- 
ments, characterized in that the gas-phase catalytic oxidation reaction is conducted in the presence of said catalyst and 
30 a molybdenum oxide which in itself is substantially inert to the gas-phase catalytic oxidation reaction. 

This invention also provides a process for producing an unsaturated aldehyde and an unsaturated carboxyiic acid 
by the gas-phase catalytic oxidation of propylene, isobutylene or tertiary butanol with molecular oxygen in the presence 
of a catalyst comprising composite oxide represented by the formula (1), characterized in that the gas-phase catalytic 
oxidation is conducted in the presence of a mixture of the catalyst deteriorated by the gas phase catalytic oxidation and 
35 a molybdenum oxide which in itself is substantially inert to said gas-phase catalytic oxidation. 

In other words, the present invention provides a process for producing an unsaturated aldehyde and an unsatu- 
rated carboxyiic acid, comprising the steps of 

(i) subjecting propylene, isobutylene or tertiary butanol to gas-phase catalytic oxidation with molecular oxygen in 
40 the presence of a catalyst comprising composite oxide represented by the formula (1) until the catalyst is deterio- 
rated, and 

(ii) further conducting the gas-phase catalytic oxidation with molecular oxygen in the presence of a mixture of the 
thus deteriorated catalyst and a molybedenum oxide which in itself is substantially inert to said gas-phase catalytic 
oxidation. 

45 

The present invention further provides a process for regenerating a catalyst comprising composite oxide repre- 
sented by the formula (1 ) which has been used in, and deteriorated due to, a gas-phase catalytic oxidation of propylene, 
isobutytene or tertiary butanol with molecular oxygen, the process comprising the step of mixing the deteriorated cata- 
lyst with a molybdenum oxide which in itself is substantially inert to said gas-phase catalytic oxidation. 
so This invention finds application in processes for the production of acrolein and acrylic acid by gas phase catalytic 
oxidation of propylene with molecular oxygen and for the production of methacrolein and methacrylic acid by gas phase 
catalytic oxidation of isobutylene or tertiary butanol with molecular oxygen. 

The catalyst used in these processes comprises composite oxide represented by the following formula: 

55 MOaBibFecAdBoCfDgOx (1 ) 

wherein Mo, Bi, F and O represent molybdenum, bismuth, iron and oxygen, respectively; A represents nickel and/or 
cobalt; B represents at least one element selected from manganese, zinc, calcium, magnesium, tin and lead; C repre- 
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sents at least one element selected from phosphorus, boron, arsenic, tellurium, tungsten, antimony and silicon; D rep- 
resents at least one element selected from potassium, rubidium, cesium and thallium; a, b, c, d, e, f, g and x represent, 
respectively, the number of atoms of Mo, Bi, Fe. A. B. C. D and O, and when a is 12 0<te10, 0<C£10. OseslO, 
0<te20 (or 0£&10) and 0<g^2, and x has a value dependent on the oxidation state of the respective elements. 
5 Hereinafter the term "the catalyst comprising composite oxide represented by the formula (1)" may sometimes be 
referred to simply as "said catalyst". 

Composite oxides of the above formula (1) are descrfced in US. Patent 3,642,685, U.S. Patent 3,799.978, U.S. Pat- 
ent 3,778,386 and U.S. Patent 3,970.702, among others. The preferred composite oxide include, for example, the fol- 
lowing. 

10 

Mo 12 8i 0 .i.5f r eo.5-5Co5-ioCso.oi-iSio.i.2o 
Mo 12 W 0 1 . 2 Bi 0 .i-5Feo,5-5Co5. 1 oCso.oi.i Sio.1-20 
Mo 1 2 W 0 .i -2Bi 0 . 1 .sFeo.s-sCos. 1 qKq.o i . 1 Sio.i .20 

Mo 1 2Bioj.5FeQ i 5.5C05. 1 oTlo.oi-lPo.01-2^0-1-20 ar| d 

15 Mo 12 Bio. 1 .5Feo5_ 5 Ni 5 . 10 Tl 0 .01. 1^0.01-2^10.1 -20. 

In the above examples, the number of oxygen atoms is decided depending on the oxidation states of the other ele- 
ments, and therefore the oxygen (O) is not shown in the formulas. 

For use as said catalyst, the composite oxide of the formula (1 ) may be used as it is or as carried on a support such 

20 as a-alumina or as mixed with inorganic fibers such as glass f foers, ceramic fibers or whiskers. 

The reaction is generally carried out using a fixed-bed reactor for commercial purposes and such fixed-bed reactors 
are generally multi-tubular reactors. These reactors may be those conventionally used in the art. 

In the process for producing an unsaturated aldehyde and unsaturated carboxylic acid by the gas phase catalytic 
oxidation of propylene, isobutylene or tertiary butanol with molecular oxygen in the presence of said catalyst, the defe- 
rs rioration of the catalyst usually occurs when the catalyst is used for a period of time tor the gas phase catalytic oxidation 
reaction, with the result that the conversion and the selectivity of the desired product decreases as the reaction time 
increases. When the reaction is conducted in the presence of said catalyst and a molybdenum oxide which in itself is 
substantially inert to the gas phase catalytic oxidation reaction (hereinafter this term may sometimes be referred to sim- 
ply as "said molybdenum oxide"), the deterioration of said catalyst is inhibited for remarkably longer period of time than 

30 when the reaction is conducted in the absence of said molybdenum oxide. 

Said molybdenum oxide for use in accordance with this invention is preferably molybdenum trioxide. However, there 
is no particular restriction on the type of said molybdenum oxide insofar as it is substantially inert in itself to the gas 
phase catalytic oxidation reaction, and generally the one having a specific surface area of not more than about 2 rrr^/g 
measured by BET method or the one having an average particle size of not smaller than about 1 jim measured by light 

35 scattering particle size analyzer can be mentioned. In order to evaluate the inertness of a particular molybdenum oxide 
and to decide whether it can be used in the reaction of this invention, it may be a good way to carry out the above-men- 
tioned reaction using the molybdenum oxide in question in place of said catalyst. When the molybdenum oxide in ques- 
tion is substantially inert to the gas phase catalytic oxidation reaction, it can be used in the present invention. 

The molybdenum oxide which can be substantially inert to the reacton can be prepared, tor example, by calcining 

40 a commercially available molybdenum compound such as ammonium molybdate, molybdenum trioxide or the like in air 
using a box furnace, rotary kiln or other furnace at a temperature of about 550 - 700°C for 1 - 10 hours. The molybde- 
num oxide calcined at a temperature lower than 550°C in the usual manner has an ability to oxidize olefins and when 
such molybdenum oxide is used in combination with said catalyst the selectivity tends to be sacrificed. Of course, any 
molybdenum oxide that is already substantially inert, tor example the one having a specific surface area of not more 

45 than about 2 rr^/g measured by BET method or the one having an average particle size of not smaller than about 1 
measured by light scattering particle size analyzer, need not be calcined and such a molybdenum oxide may be 
selected from among the commercially available molybdenum oxides. 

The expression "a molybdenum oxide in itself is substantially inert to the gas phase catalytic oxidation" means that, 
where the gas phase oxidation reaction in the presence of a fresh catalyst comprising composite oxide represented by 

so the formula (1) achieves a conversion of 95 • 100%, the conversion obtainable by conducting the gas phase oxidation 
reaction using said molybdenum oxide in question alone in the same amount as said catalyst under otherwise the same 
reaction conditions is generally not more than 10%, preferably not more than 5% and still more preferably not more than 
2%. 

There is no particular limitation on the manner how said molybdenum oxide is present together with said catalyst. 
55 For example, there may be mentioned a method which comprises molding the molybdenum oxide singly or in combina- 
tion with an inert carrier such as silica by compression, extrusion or impregnation, mixing the molded molybdenum 
oxide with said catalyst which is also molded, and filling a reactor with th resultant mixture. An alternative method com- 
prises blending a powder of said molybdenum oxide with a powder of said catalyst, molding the resultant blend by com- 
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pression or extrusion or by supporting It on a carrier and then using the resulting mofcfing in the reaction. 

The size of the molding as formed from said molybdenum oxide alone, from a mixture of said molybdenum oxide 
and a carrier, or from a mixture of said molybdenum oxide and said catalyst is generally about 3-10 mm, and the mold- 
ing may take a variety of forms such as spheres, cylinders, rings, spoked rings and clover! eaf shapes, among others. 

5 Of course, said molybdenum oxide ami said catalyst may be used in a powder form without being molded. 

The amount of said molybdenum oxide in the reaction system as a whole is generally about 1 • 50 weight %, pref- 
erably about 3 - 20 weight %, based on the combined amount of said molybdenum oxide and said catalyst. The amount 
of the inert earner with which molybdenum oxide may be molded as described above is generally 10 - 90% by weight 
of the combined amount of the molybdenum oxide and the carrier. 

w When the catalytic oxidation reaction is carried out in a fixed-bed reactor, the amount of said molybdenum oxide 
present in the reactant gas inlet region is generally about 5 - 50 weight %. preferably about 10-30 weight %, based on 
the total amount of said molybdenum oxide and said catalyst in the reaction zone. Herein, the term "reactant gas inlet 
region'* as used with reference to a fixed-bed reactor means the region from 0-20 % to 0-50 % of the length of the reac- 
tion zone and adjacent to the reactor inlet from which propylene, isobutylene or tertiary butanol is supplied, wherein the 

is reaction zone ranges from the reactor inlet to the reactor outlet from which the reaction product and waste gas are with- 
drawn. 

In the fixed-bed reactor which is conventionally employed for the commercial gas-phase catalytic oxidation of de- 
fins, when the catalyst is used for a long period of time, the molybdenum content in the surface of said catalyst present 
in the reactant gas inlet region reduces with time, and the decreases in the selectivity ami in the catalytic activity of said 

20 catalyst present in the inlet region tend to be greater, compared with those observed in the remainder of the reaction 
zone. Therefore, when such a fixed-bed reactor is used, so far as said molybdenum oxide is present in conjuction with 
said catalyst at least in the reactant gas inlet region, there is no particular restriction on the position of said molybdenum 
oxide and on the method how said molybdenum oxide is placed in the fixed-bed reactor. 

Thus, said molybdenum oxide may be distributed throughout the entire catalyst bed or may be present only in the 

25 reactant gas inlet region. The reactor may be packed with a mixture of said catalyst and said molybdenum oxide in such 
a manner that the concentration of said molybdenum oxide in the mixture varies continuously or stepwise, and in this 
case, it is more effective to increase the concentration of said catalyst (i.e., to decrease the concentration of said molyb- 
denum oxide) continuously or stepwise from the gas inlet to the gas outlet. 

By using said molybdenum oxide in combination with said catalyst the deterioration of said catalyst present in the 

30 reactant gas inlet region, where the deterioration occurs most severely in the absence of said molybdenum oxide, can 
be successfully inhibited for a long period, and additionally the evolution of heat in the reactant gas inlet region is sup- 
pressed because the composite oxide is diluted with said molybdenum oxide, and therefore advantageous effects such 
as inhibition of excessive oxidation and improvement in selectivity are achieved, with the result that an enhanced pro- 
ductivity per unit amount of the composite oxide is realized. 

35 The gas phase catalytic oxidation of propylene, isobutylene or tertiary butanol with molecular oxygen can be carried 
out under the conventional reaction conditions. By way of example, the reaction temperature is usually 280 - 400°C, 
preferably 300-360 °C. The reaction may be carried out under reduced pressure, but the reaction pressure preferably 
ranges from atmospheric pressure to 5 atm. The molar ratio of oxygen to propylene, isobutylene or tertiary butanol is 
usually 1 - 3, preferably 1 .5-2.5. The space velocity is usually in the range of SV s 500 - 5000/H . 

40 For safety's sake, the reactant is preferably diluted with nitrogen, a rare gas such as argon, carbon dioxide, a lower 
alkane such as methane or propane or steam. 

The concentration of propylene, isobutylene or tertiary butanol for use in the reaction is usually about 3 - 15 volume 
% based on the total amount of the fed gases inclusive of the diluent gas. 

The source of molecular oxygen for the reaction may be pure oxygen but, for commercial purposes, air or oxygen- 

45 enriched air is preferred. 

As mentioned above, the present invention also provides a method of reuse of the catalyst comprising composite 
oxide represented by formula (1) which has been deteriorated due to the gas phase catalytic oxidation (hereinafter this 
term may sometimes be referred to simply as "said deteriorated catalyst"). The method of reuse of said deteriorated 
catalyst will be described below. 

so Thus, in the gas phase catalytic oxidation of propylene, isobutylene or tertiary butanol with molecular oxygen in the 
presence of said catalyst to give the corresponding unsaturated aldehyde and unsaturated carboxylic acid, the activity 
of the catalyst, which has been deteriorated due to said oxidation reaction, can be regenerated to restore and preserve 
the initial performance of said catalyst for a long period of time by mixing said deteriorated catalyst with said molybde- 
num oxide and using the mixture for the reaction. 

55 As mentioned, the catalyst suffers decrease in catalytic activity and selectivity with time as the reaction is continued 
for a prolonged period of time. Therefore, according to the present invention, when a fixed-bed multi-tubular reactor, for 
instance, is used, the catalyst which has been det ri rated due to the gas phase catalytic oxidation is withdrawn from 
the reactor tubes, mixed with said molybdenum oxide and returned to the reactor tubes, whereby said deteriorated cat- 
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alyst is regenerated and the reaction can be further continued with high productivity. 

Said molybdenum oxide which can be used for this purpose may be any of those described hereinbefore which in 
itself are substantially inert to the gas phase catalytic oxidation reaction. 

The deteriorated catalyst usable in the present invention may. for example, be one derived from said catalyst com- 
5 prising the composite oxide of the formula (1 ), one derued from a mixture of said catalyst and said molybdenum oxide, 
one regenerated in accordance with the present invention, reused and deteriorated again and therefore said deterio- 
rated catalyst can be reused repeatedly. 

The method how said deteriorated catalyst is reused is not particularly limited. Thus, said deteriorated catalyst 
which has undergone deterioration due to the gas phase catalytic oxidation reaction is mixed with said molybdenum 
w oxide in various manners, and then the mixture is used again as catalyst. 

For example, said deteriorated catalyst is withdrawn from the tubular reactor, pulverized and mixed with a powder 
of said molybdenum oxide, and the mixture is molded by compression- molding, extrusion-molding or by being sup- 
ported on a carrier, and then the moldings are placed in the reactor tubes. The moldings need not be calcined, but when 
water or an organic substance is used as a molding auxiliary during the molding operation, the moldings are preferably 
15 calcined in air or in an inert gas atmosphere within a temperature range of 400 - 530°C, which is a conventionally 
employed calcining temperature range used in preparing fresh catalyst comprising composite oxide of the formula (1). 

An alternative method of reuse comprises molding said molybdenum oxide singly or together with an inert carrier 
such as silica by compression, extrusion or impregnation, mixing the resultant molded product with said deteriorated 
catalyst moldings withdrawn from the reactor tubes, and re-packing the reactor tube with the mixture. 
20 The amount of said molybdenum oxide to be mixed with said deteriorated catalyst by said gas phase oxidation 
reaction is not so critical, but when a powder of said molybdenum oxide is mixed with said pulverized deteriorated cat- 
alyst and the mixture is molded for reuse, the amount of said molybdenum oxide may be generally about 3 - 20 weight 
%, preferably about 5-15 weight %, based on said deteriorated catalyst. When the molding of said molybdenum oxide 
alone or the molding of a mixture of said molybdenum oxide and an inert carrier is blended with said deteriorated cata- 
25 lyst molding deteriorated by gas phase catalytic oxidation, said molybdenum oxide is generally used in an amount of 
about 5 - 40 volume %, preferably about 10-30 volume %, relative to said deteriorated catalyst, although the amount 
may vary depending on the shape of the moldings. 

The size of the molding as formed from said molybdenum oxide alone, from a mixture of said molybdenum oxide 
and a carrier, or from a mixture of said molybdenum oxide and said deteriorated catalyst is generally about 3-10 mm, 
30 and the molding may take a variety of forms such as spheres, cylinders, rings, spoked rings and cloverleaf shapes, 
among others. 

Where a fixed-bed multitubular reactor is used, the deterioration of the catalyst comprising composite oxide repre- 
sented by the formula (1) due to the gas phase catalytic oxidation is more marked in the reactant gas inlet region and 
less marked or almost nil in the remainder of the reaction zone, as previously pointed out. Therefore, it is also a valid 
35 procedure to withdraw said deteriorated catalyst from the reactant gas inlet region only and blend it with said molybde- 
num oxide for reuse. Of course, said molybdenum oxide may additionally be blended with the less deteriorated portion 
or still perfectly active portion of said catalyst. 

By using said molybdenum oxide in combination with said deteriorated catalyst, the deterioration of the catalyst 
present in the reactant gas inlet region, where the deterioration occurs most severely in the absence of said molybde- 
40 num oxide, can be successfully inhibited, and additionally the evolution of heat in the reactant gas inlet region is sup- 
pressed because the composite oxide is diluted with said molybdenum oxide, and therefore advantageous effects such 
as inhibition of excessive oxidation and improvement in selectivity are achieved, with the result that an enhanced pro- 
ductivity per unit amount of the composite oxide is realized. . 

For the purpose of said reuse, the reaction conditions for the gas phase catalytic oxidation of propylene, isobuty- 
45 lene or tertiary butanol with molecular oxygen in the presence of a mixture of said deteriorated catalyst and said molyb- 
denum oxide may also be the same as the reaction conditions described hereinbefore. 

The gas phase catalytic oxidation wherein a mixture of said deteriorated catalyst and said molybdenum oxide is 
used for reuse in accordance with this invention achieves the results which are comparable to those achieved by the 
gas phase catalytic oxidation wherein fresh catalyst comprising composite oxide represented by the formula (1) is used. 
so Typical advantages of the present invention can be summarized as follows. 

In the invention, deterioration of said catalyst is well inhibited as compared with the case of using said catalyst 
alone, so long as said molybdenum oxide added remains in the reaction system, with the result that the catalytic activity 
is sustained over a long period of time. 

In accordance with the method of this invention in which the gas phase catalytic oxidation reaction is conducted in 
55 the presence of said catalyst and said molybdenum oxide which in itself is substantially inert to the gas phase oxidation 
reaction, the deterioration of said catalyst associated with the gas phase catalytic oxidation of propylene, isobutylene or 
tertiary butanol can be inhibited for a longer period of time, compared with the known processes. 

Furthermore, in the reuse method of this invention which comprises using a mixture of said deteriorated catalyst 
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deteriorated by said gas phase catalytic oxidation reaction and said molybdenum oxide which in itself is substantially 
inert to said oxidation reaction, an activity equivalent to that of fresh catalyst comprising composite oxide of the formula 
(1 ) can be obtained with use of said deteriorated catalyst and additionally the rate of the progress of catalyst deterio- 
ration is inhibited as compared with the rate observed when said catalyst alone is used, so that the catalyst can be used 
for a prolonged period of time. 

Therefore, the industrial significance of these advantages is tremendous. 

EXAMPLES 

The following examples are intended to illustrate this invention in further detail and should by no means be con- 
strued as limiting the scope of the invention. 

It should be understood that in this specification, the conversion (%) and yield (%) are defined as follows. 

Conversion (%) = (Number of moles of r^ed olefin equivalent) x m 
v ' (Number of moles of feed olefin equivalent) 



Selectivity (%) = (Number of moles of products/number of moles of reactant olefin equivalent) x 100 



Yield mm (Number of moles of product) x 100 
{ } 3 (Number of moles of feed olefin equivalent) 

In the above, the term "feed olefin equivalent" means propylene, isobutytene or tertiary butanol. 
Example 1 

Preparation <?f catalyst 

In 470 ml of warm water was dissolved 144 g of ammonium molybdate t(NH 4 ) 6 lvl070 2 4 * 4H 2 0] followed by addition 
of 20.4 g of 20% silica sol (Si0 2 ) to give Solution A. On the other hand, 2 g of nickel nitrate [Ni(N03) 2 • 6HgO], 138.5 g 
of cobalt nitrate [Co(N0 3 ) 2 • 6H 2 0], 55 g of ferric nitrate [Fe(N0 3 ) 3 • 9^0] and 3.3 g of thallium nitrate (TINO3) were 
dissolved in 250 ml of warm water to give Solution 8. After 9.4 g of 60% nitric acid was added to 40 ml of purified water, 
33 g of bismuth nitrate [Bi(N0 3 ) 3 • 5H 2 0)] was dissolved to give Solution C. Then, Solution B was mixed with Solution C. 

The mixture of Solutions B and C was added to Solution A which was stirred, and then 0.8 g of phosphoric acid 
(H3PO4) was added thereto to give a slurry. The slurry was concentrated to dryness and subjected to nitrate salt 
decomposition in a stream of, air at 200 - 250°C. This product was pulverized and compressed into rings measuring 5 
mm (outside diameter) x 2 mm (inside-diameter) x 5 mm (height), which were then calcined in air at 480°C to provide 
a catalyst comprising composite oxide. 

The composition of the composite oxide was Mo^Bij Fe 2 Nio #1 CoyTlo 18 P 0 A Si 1 exclusive of oxygen; the same mode 
of representation applies hereinafter). 

Separately, 100 g of ammonium molybdate [(NH 4 ) 6 Mot0 2 4 * 4H 2 0] was calcined in air at 650°C for 6 hours to pre- 
pare M0O3, which was substantially inert to the gas phase catalytic oxidation. 

Reaction 

A glass reaction tube having an inside diameter of 18 mm was packed with 3 ml of the above catalyst and 1 g of 
said M0O3 prepared above (6-10 mesh). In packing the tube, 20 g of 14-mesh silicon carbide was used for dilution in 
such a manner that there would be substantially no temperature gradient and that the catalyst and said M0O3 would be 
almost homogenously distributed. 

Then, an accelerated test reaction was carried out under the following conditions: reaction temperature = 410°C, a 
propylene/air/steam molar ratio » 1/7.5/3. and SV = 3400/H. inlet pressure = 1.0 atm. 

The results are shown in Table 1. 
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Comparison Example 1 

The procedure of Example 1 was repeated except that said Mo0 3 was not used. The results are shown in Table 1 . 
Comparison of the results of Example 1 with those of Comparison Example 1 indicates that the presence of said M0O3 
has an inhibitory effect on the deterioration of catalyst activity. 

Comparison Example 2 

The procedure of Example 1 was repeated except that M0O3 prepared by calcining ammonium molybdate in air at 
500°C for 6 hours was used in place of the said M0O3 prepared by calcining ammonium molybdate in air at 650°C. The 
results are shown in Table 1 . 

When M0O3 prepared by calcining ammonium molybdate at 500°C was employed, the selectivity was unsatisfac- 
torily low even in the initial period of the reaction. 



Table 1 





Reaction time (days) 


Conversion of propylene 
(%) 


Selectivity of acrolein 
and acrylic acid (%) 


Example 1 


5 


78.0 


94.2 




50 


75.5 


96.5 




200 


69.2 


97.1 


Comparison Example 1 


5 


78.2 


94.0 




50 


72.2 


94.8 




100 


59.8 


95.8 


Comparison Example 2 


5 


80.5 


90.2 




50 


76.6 


91.2 



Reference Example 1 

Ammonium molybdate ((NH 4 ) 6 Mo70 2 4 '4^0] was calcined in air at 350°C fa 3 hours to give M0O3. A small 
amount of water and 1 .5% of stearic acid was added thereto, and the mixture was compressed into rings measuring 5 
mm (outside diameter) x 2 mm (inside diameter) x 5 mm (height). The rings were then calcined at 630°C in air for 6 
hours. 

A reaction tube having an inside diameter of 18 mm was packed with 10 ml of the above rings, and the reaction was 
carried out under the following conditions: reaction temperature » 360 - 420°C, a propyiene/air/steam molar ratio « 
1/7.5/3 and a space velocity of SV = 11 00/H . 

The conversion of propylene was invariably less than 0.5%, indicating that the starting propylene had undergone 
substantially no reaction. 

Reference Example 2 

M0O3 was prepared in the same manner as described in Reference Example 1 except that the calcination of the 
rings was carried out at 500° for 6 hours, and then using this M0O3, ari experiment was performed in the same manner 
as in Reference Example 1 . The results are shown in Table 2. 

It is clear that the calcining temperature of 500°C is insufficient to prepare an inert M0O3. 
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Table 2 



No. 


Reaction temperature 
(°C) 


Conversion of propylene 
(%) 


Selectivity of acrolein 
and acrylic acid (%) 


1 


360 


14 


21 


2 


380 


21 


18 


3 


400 


35 


17 


4 


420 


55 


12 



Example g 

15 

Preparation of catalyst 

The procedure of Example 1 was repeated down to the stage of nitrate salt decomposition and pulverization except 
that the use of nickel nitrate and phosphoric acid was omitted, that cesium nitrate (CsN0 3 ) was used in place of thallium 
20 nitrate, and that the scale of preparation was increased 80-fold, whereby a catalyst precursor was obtained. Separately, 
a commercially available Mo0 3 was calcined at 630°C for 6 hours. 

Fifty-five (55) parts of the above catalyst precursor was mixed with 45 parts of said Mo0 3 and the mixture was 
extrusion-molded in the conventional manner and calcined at 480°C in air for 6 hours to provide Catalyst A, On the other 
hand, the same catalyst precursor used alone without addition of M0O3 was similarly extrusion-molded and calcined at 
25 480°C in air to provide Catalyst B. 

Composition of Catalyst A: 

55 (Mo^Bh FeaCoyCso.osSh) + 45Mo0 3 

30 

Composition of Catalyst B: 

Mo 1 2Bi 1 Fe 2 Co 7 Cs 0 05 Si 1 

35 Reaction 

A reaction tube having an inside diameter of 30 mm was packed with 1.15 liters of Catalyst A as the catalyst to be 
placed in the reactant gas inlet region and, then, the remaining portion of the tube was packed with 2.3 liters of Catalyst 
B. With the temperature of the heating medium around the reaction tube being controlled at 325°C, the reaction was 
40 carried out at a propylene/air/nitrogen/steam molar ratio of 1/8/3/1.5. a space velocity of SV = 1300/H , and an inlet 
pressure of 2.8 atm. The results are shown in Table 3. 

After about one year of use, the catalyst was withdrawn, and using 10 ml portion of the catalyst which had been 
present in the inlet region or using 1 0 ml portion of the catalyst which had been present in the outlet region, the reaction 
was carried out under the same conditions as above. The results are shown in Table 4. 

45 

Comparison Example 3 

The reactant gas inlet region of a tubular reactor was packed with 1.15 liters of a mixture of 45% porcelain Raschig 
rings and 55% Catalyst B obtained in Example 2 and. then, 2.3 liters of said Catalyst B was packed in the remaining 
50 portion of the tubular reactor. 

The reaction was conducted under the same conditions as in Example 2 except that the reaction temperature was 
set at 327°C. The results are shown in Table 3. 

In the same manner as in Example 2. a 10 ml portion each of the catalyst samples taken from the inlet and outlet 
regions was evaluated. The results are shown in Table 4. 
ss When the catalyst according to the invention (catalyst comprising composite oxide + M0O3) is used for about 1 year 
in the process of this invention, no decrease in selectivity is observed with respect to the catalyst in the inlet and outlet 
regions of the reactor. 

On the other hard, when M0O3 was not employed, the selectivity decreases with respect to the catalyst in the inlet 
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region. 



Table 3 





Reaction time (days) 

■ * • * - *■ 


Conversion of propylene 


Selectivity of acrolein 
and acrylic acid (%) 


Example 2 


21 


97.8 


93.9 




330 


97.7 


94.0 


Comparison Example 3 


21 


97.7 


94.0 




330 


97.4 


92.9 



15 



Table 4 





Sampling point 


Conversion of propylene 
(%) 


Selectivity of acrolein 
and acrylic acid (%) 


Example 2 


Inlet region 


97.5 


93.8 




Outlet region 


97.7 


94.1 


Comparison Example 3 


Inlet region 


97.7 


91.0 




Outlet region 


97.6 


93.9 



Exarnpig 3 

30 

Preparation of catalyst 

Following the procedure described in Example 1 , a composite oxide precursor was prepared. 
The precursor was supported on a-Al 2 0 3 (balls, 5 mm in diameter) (supporting ratio 30 wt %) and calcined at 
35 550°C in air for 6 hours to obtain a catalyst comprising composite oxide represented by the formula 

M0 12 Bi 1 4 F 62 N '5C04 TI 0.5Po.4Sii5. 

Separately, a commercial M0O3 was calcined at 630°C in air for 6 hours. 

40 

Reaction 

A glass reaction tube having an inside diameter of 18 mm was packed with 12 ml of the above catalyst and 1 g of 
said M0O3 prepared above (6-10 mesh). Said M0O3 was packed in such a manner that it would be distributed almost 
45 uniformly throughout the catalyst bed. 

A life test was performed with an isobutylene/air/steam molar ratio of 1 £0/8 at a reaction temperature of 420°C and 
a space velocity of SV = 1500/H . The results are shown in Table 5. 

Comparison Example 4 

so 

The procedure of Example 3 was repeated except that said M0O3 was not employed. The results are shown in 
Table 5. 



55 
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Table 5 



5 


Example 


Reaction time (days) 


Conversion of isobuty- 
lene (%) 


Selectivity of meth acro- 
lein and methacrylic acid 
(%) 




Example 3 


5 


93.2 


78.7 






50 


94.1 


79.8 


10 




200 


93.9 


79.5 




Comparison Example 4 


5 


93.2 


79.3 






50 


94.6 


75.5 


15 




200 


94.0 


70.2 



Example 4 

20 In 470 liters of warm water was dissolved 144 kg of ammonium molybdate [(NH 4 ) 6 Mo 7 0 2 4 * 4H 2°] followed by 
addition of 20.4 kg of 20% silica sol (S1O2) to prepare Solution A. 

On the other hand. 138.5 kg of cobalt nitrate [Co(N03)2 * 61^0], 55 kg of ferric nitrate [Fe(N03) 3 • 9H2O] and 0.66 
kg of cesium nitrate (CsN0 3 ) were dissolved in 250 liters of warm water to prepare Solution 6. 

After 9.4 kg of 60% nitric acid was added to 40 liters of purified water, 33 kg of bismuth nitrate [Bi(N0 3 ) 3 * 5H 2 OJ 
25 was dissolved to prepare Solution C. 

Solution B was mixed with Solution C. With Solution A being stirred, the mixture of Solutions B and C was added 
to give a slurry. This slurry was concentrated to dryness and subject to nitrate salt decomposition at 200 - 250°C in a 
stream of air. The product was then pulverized and compressed into rings measuring 5 mm in outside diameter. 2 mm 
in inside diameter and 5 mm high, which were then calcined in air at 470°C fa 6 hours to provide a catalyst comprising 
30 composite oxide. The composition of this catalyst exclusive of oxygen was Mo 12 Bi 1 Fe2Co 7 Cso.o5Sii. 

A glass reaction tube having an inside diameter of 18 mm was packed with 10 ml of the above fresh catalyst and 
the reaction was conducted by introducing a feed gas composed of propylene, air and steam having a propyl- 
ene/air/steam molar ratio of 1/7.5/3 at a flow rate of SV = 1 100/H (standard condition). The reaction pressure was 2.0 
atm. 

35 The results of the reaction at a reaction temperature of 320°C showed that the conversion of propylene was 97.5% 
and that the combined yield of acrolein and acrylic acid was 90.4%. 

A reactor in an acrylic acid production plant was packed with the above fresh catalyst and the operation was con- 
tinued for 3 years. Then, the catalyst in some reaction tubes was withdrawn and divided into 3 portions corresponding 
to the top, intermediate and bottom regions of each tube. When the catalyst in the gas inlet region was evaluated in the 

40 same manner as above, the conversion and yield were found to be 96.8% and 87.3%, respectively, indicating a signifi- 
cant decrease in yield. The results of evaluation of the catalyst withdrawn from the intermediate and outlet regions were 
almost comparable to the results obtained with use of the fresh catalyst. 

In the following description, the deteriorated catalyst withdrawn from the reactant gas inlet region is referred to as 
"Deteriorated Catalyst A". 

45 One-hundred (100) parts of a powder obtained by pulverizing Deteriorated Catalyst A was mixed with 10 parts of 
molybdenum trioxide obtained by calcining ammonium molybdate [(NH 4 ) 6 lvl07024 • 4H20] in air at 630°C for 6 hours, 
and the mixture was compressed into rings measuring 5 mm in outside-diameter, 2 mm in inside diameter and 5 mm in 
height, which were then calcined at 460°C in air for 3 hours. 

The activity of this catalyst was evaluated as above. The conversion was 97.0% and the yield was 90.3%, and these 

so results were comparable to the results obtained with use of the fresh catalyst 

Example 5 

One-hundred (100) parts of a powder prepared by pulverizing Deteriorated Catalyst A was mixed with 6 parts of a 
55 powder of commercial molybdenum trioxide (which had been confirmed to be inert in a trial oxidation of propylene) and 
4 parts of ceramic fiber, followed by addition of water and methyl cellulose. The mixture was extruded into rings meas- 
uring 5 mm in outside diameter, 2 mm in inside diameter and a length of 6 mm, which were then calcined in air at 460°C 
fa 3 hours. 
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The activity of this catalyst was evaluated as in Example 4. The conversion was 97.2% and the yield was 90.4%. 
and these results were comparable to the results obtained with use of the fresh catalyst 

Comparison Example 5 ^ 

5 

Using an electric furnace. Deteriorated Catalyst A as such was calcined in air at 460°C for 6 hours. 
The activity of this catalyst was evaluated in the same manner as in Example 4. The conversion and yield were 
96.5% and 88.7%. respectively. Thus, the catalyst was not sufficiently regenerated. 

w Example 6 

A single-tube test was performed using the fresh catalyst prepared in Example 4. Thus, a carbon steel reaction 
tube having an inside diameter of 30 mm and having a length of 4 m was packed with the catalyst alone over the length 
of 2.8 m in the gas outlet region. Then, over a length of 1 .2 m in the inlet region, a mixture of 70 volume % of the catalyst 
is and 30 volume % of porcelain Raschig rings having an outside diameter of 6.2 mm was packed. 

Then, the reaction was carried out by introducing a feed gas composed of propylene, air and steam having a pro- 
pylene/air/steam molar ratio of 1/7.5/3 at a space velocity of SV = 1000/H (standard condition). The gas inlet pressure 
was 1.1 kg/crrr^G and the heating medium temperature was adjusted to 310°C. 

The performance analysis conducted after 7 days of reaction showed a propylene conversion of 97.7%, an acrolein 
. 20 yield of 83.S% and an acrylic acid yield of 8.3%. 

The operation was further continued using substantially the same reactant gas composition and SV as above but 
controlling the heating medium temperature so as to insure a conversion of 97.5 - 98.0%. After 650 days of operation, 
the performance analysis conducted at the heating medium temperature of 322°C showed a propylene conversion of 
97.6%, an acrolein yield of 80.2% and an acrylic acid yield of 8.8%. 
25 . The reaction was terminated at this stage and the diluted catalyst packed in the 1 .2 m-long region on the gas inlet 
side was withdrawn. The Raschig rings were separated off from the catalyst by the use of a sieve. On the other hand, 
a commercial molybdenum trioxide was compression-molded into rings each measuring 6 mm in outside diameter, 2.5 
mm in inside diameter and 6 mm high and calcined in air at 600°C for 6 hours. The above catalyst (1) and this molded 
molybdenum trioxide (II) were mixed in a ratio of 1:11 = 65:35 (vol. %) and the mixture was re-packed into said 1 .2 m-long 
30 region. 

The reaction was then re-started and the productivity was evaluated 2 days later. At the heating medium tempera- 
ture of 31 3°C, the conversion of propylene was 97.6%, the yield of acrolein was 82.2%, and the yield of acrylic acid was 
8.6%. 

The reaction was further continued and the performance after 21 days was evaluated. At the heating medium tem- 
35 perature of 3 1 6°C, the conversion of propylene was 97.8%, the yield of acrolein was 83.8%, and the yield of acrylic acid 
was 8. 1 %. Thus, the yields were comparable to those obtained with the fresh catalyst. 

The reaction was further continued. The results at the heating medium temperature of 323°C on day 260 after 
repacking were as follows : the conversion of propylene = 97.6%. yield of acrolein = 83.6%, yield of acrylic acid = 8.2%. 
Thus, there was substantially no decrease in yield. 

40 

Exgmplg 7 

A catalyst comprising composite oxide of the composition (exclusive of oxygen) Mo 12 Bi t .4Fe2Ni5C04TV5Po.4Si.i5 
was prepared following the procedure described in Example 4. However, nickel nitrate [Ni(N0 3 ) 2 *6H 2 0] and thallium 
45 nitrate (TINO3) and phosphoric acid (H 3 P0 4 ) were used as sources of Ni, Tl and P, respectively, and after nitrate salt 
decomposition and pulverization, the powder of the catalyst was supported on a-AI 2 0 3 (balls. 5 mm in diameter) (sup- 
porting ratio 30 wt %) and calcined in air at 550°C for 6 hours. 

A glass reaction tube having an inside diameter of 18 mm was packed with the above fresh catalyst (12 ml). Then, 
at a reaction temperature of 420°C, an accelerated life test was carried out with an isobutylene/air/steam molar ratio of 
so 1/20/8 at SV = 1500/H. 

After 5 days of testing, the conversion of isobutylene was 93.2% and the selectivity of methacrolein and methacryltc 
acid was 79.3%. After 200 days, however, the conversion was 94.0% and the selectivity was 70.2%. 

The deteriorated catalyst was withdrawn from the reaction tube and mixed with 3 ml of a 10 - 16 mesh powder 
obtained by pulverizing said inert molded molybdenum trioxide used in Example 3. The reaction tube was repacked with 
ss the resulting mixture and the reaction was re-started under the same conditions as above. 

The converison and selectivity after 2 days were 93.5% and 75.6%. respectively. However, after 10 days, the con- 
verison and selectivity became 93.0% and 79.1%, respectively. Thus, a performance comparable to that of the fresh 
catalyst was achieved. 
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Cqmp?ri$Qn Example, g 

In 200 ml of deiontzed water at 50°C was dissolved 123 g of ammonium molybdate [(NH 4 ) 6 Mo 7 0 2 4 * 4^0], and 
1000 g of Deteriorated Catalyst A was impregnated with the aqueous solution, dried and calcined in air at 350°C for 6 
5 hours. The amount of Mo0 3 based on the deteriorated catalyst was 10 weight %. 

The performance of this catalyst was evaluated in the same manner as in Example 4. The conversion was 97.3% 
and the yield was 88.4%. Thus, the catalyst was only partially regenerated. 

Comparison Example 7 

10 

The procedure of Comparison Example 6 was repeated except that the calcination was performed at 550°C. The 
performance of this catalyst was evaluated in the same manner as in Example 4. The conversion and yield were 63.5% 
and 59.7%, respectively. Thus, the catalyst activity had dropped considerably. 

75 Claims 

1 . A process for producing an unsaturated aldehyde and a carboxylic acid which comprises subjecting propylene, iso- 
butylene or tertiary butanol to gas phase catalytic oxidation with molecular oxygen in the presence of (i) a catalyst 
comprising composite oxide represented by the formula 

20 

MOaBibFecAdBeCfDgOx 

wherein Mo, Bi, Fe and 0 represent molybdenum, bismuth, iron and oxygen, respectively; A represents nickel 
and/or cobalt; B represents at least one element selected from manganese, zinc, calcium, magnesium, tin and 
25 lead; C represents at least one element selected from phosphorus, boron, arsenic, tellurium, tungsten, antimony 
and silicon; D represents at least one element selected from potassium, rubidium, cesium and thallium; in case of 
a being 12, 0<te10, 0<c^10, l£d£l0, 0£e£l0, 0£f£20 and 0<gs2; and x has a value dependent on the oxidation 
state of the respective elements and (ii) a molybdenum oxide which in itself is substantially inert to said gas phase 
catalytic oxidation to provide the corresponding unsaturated aldehyde and unsaturated carboxylic acid. 

30 

2. The process according to claim 1 , wherein said unsaturated aldehyde and unsaturated carboxylic acid are either 
acrolein and acrylic acid or methacrolein and methacrylic acid. 

3. The process according to claim 1 or 2, wherein said molybdenum oxide which in itself is substantially inert to said 
35 gas phase catalytic oxidation is a molybdenum oxide prepared by calcining a molybdenum compound at a temper- 
ature of 550-700°C. 

4. The process according to any one of claims 1 to 3, wherein said catalyst and said molybdenum oxide which in itself 
is substantially inert to said gas phase catalytic oxidation is used in the form of a molding formed from a mixture of 

40 said catalyst and said molybdenum oxide. 

-\ 

5. The process according to any one of claims 1 to 4, wherein said gas phase catalytic oxidation is conducted in a 
fixed-bed multitubular reactor. 

45 6. A process for producing an unsaturated aldehyde and a carboxylic acid by subjecting propylene, isobutylene or ter- 
tiary butanol to gas phase catalytic oxidation with molecular oxygen in the presence of a catalyst comprising com- 
posite oxide represented by the formula 

MOaBibFecAdBaCfDgOx 

50 

wherein Mo, Bi. Fe and O represent molybdenum, bismuth, iron and oxygen, respectively; A represents nickel 
and/or cobalt; B represents at least one element selected from manganese, zinc, calcium, magnesium, tin and 
lead; C represents at least one element selected from phosphorus, boron, arsenic, tellurium, tungsten, antimony 
and silicon; D represents at least one element selected from potassium, rubidium, cesium and thallium; in case of 
55 a being 12, 0<te10. 0<C£10, lsd*10, 0*e*10, Osf^O and 0<gs2; and x has a value dependent on the oxidation 
state of the respective elements, characterized in that the catalyst deteriorated due to said gas phase catalytic oxi- 
dation is reused after mixing it with a molybdenum oxide which in itself is substantially inert to said gas phase cat- 
alytic oxidation. 
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7. The process according to any one of claims 1 to 6, wherein said gas phase catalytic oxidation is conducted in a 
fixed bed multitubular reactor. 

8. The process according to claim 6 or 7, wherein said mixing is effected by pulverizing the molded catalyst deterio- 
5 rated due to said gas phase catalytic oxidation, blending it with a powder of said molybdenum oxide which in itself 

is substantially inert to said gas phase catalytic oxidation, and molding the mixture. 

9. The process according to claim 6 or 7, wherein said mixing is effected by blending the molded catalyst deteriorated 
due to said gas phase catalytic oxidation with a molding containing said molybdenum oxide which in itself is sub- 

w stantially inert to said gas phase catalytic oxidation. 

10. The process according to claim 8, wherein said molybdenum oxide which in itself is substantially inert to said gas 
phase catalytic oxidation is used in an amount of 3 - 20 weight percent based on the catalyst deteriorated due to 
said gas phase catalytic oxidation. 

15 

11. The process according to claim 9, wherein said molybdenum oxide which in itself is substantially inert to said gas 
phase catalytic oxidation is used in an amount of 5 - 40 volume % based on the catalyst deteriorated due to said 
gas phase catalytic oxidation. 

20 12. The process according to any one of claims 7 to 9, wherein a portion of said catalyst which is present in a reactant 
gas inlet region and which has been deteriorated due to said gas phase catalytic oxidation is used in admixture with 
said molybdenum oxide which in itself is substantially inert to said gas phase catalytic oxidation. 

13. A process for regenerating a catalyst which comprises mixing (i) a catalyst comprising composite oxide repre- 
ss serrted by the formula 

M°aB«bFecAj B 9CfDgO x 

wherein Mo, Bi, Fe and 0 represent molybdenum, bismuth, iron and oxygen, respectively; A represents, nickel 
30 and/or cobalt; B represents at least one element selected from manganese, zinc, calcium, magnesium, tin and 
lead; C represents at least one element selected from phosphorus, boron, arsenic, tellurium, tungsten, antimony 
and silicon; D represents at least one element selected from potassium, rubidium, cesium and thallium; in case a 
being 12,O<b*10, 0«X10, 1&&10, 0£e£l0, 0£f£20 and 0<g<2; and x has a value dependent on the oxidation 
state of the respective elements, which has been used in and deteriorated due to a gas phase catalytic oxidation 
35 of propylene, isobutylene or tertiary butanol using molecular oxygen, and (ii) a molybdenum oxide which in itself is 
substantially inert to said gas phase catalytic oxidation. 

PaterrtansprOche 

40 1 . Verfahren zur Herstellung eines ungesattigten Aldehyds und einer Carbonsflure, umfassend katalytische Oxidation 
von Propylen, Isobutylen oder tertiar-Butanol in der Gasphase mit molekularem Sauerstoff in Gegenwart (i) eines 
Katalysators, umfassend Kompositoxid der Formel 

MOaBibFecAdB.C, D g O x 

45 

in der Mo, Bi, Fe und O for Molybdan, Wismut, Eisen beziehungsweise Sauerstoff stehen; A fur Nickel und/oder 
Kobaft stent; B fur wenigstens ein Element, ausgew&htt aus Mangan, Zink, Calcium, Magnesium, Zinn und Blei, 
stent; C fur wenigstens ein Element, ausgewahlt aus Phosphor, Bor, Arsen. Teliur, Wolfram, Antimon und Silicium, 
stent; D fur wenigstens ein Element, ausgewahft aus Kalium, Rubidium, Casium und Thallium, stent; falls a » 12 
so ist, gilt 0<b£l0. 0«£10, 13&10, 0£e£l0, 0£f£20 und 0<g<2, und x einen von der OxkJationsstufe des entspre- 
chenden Elements abhangenden Wert aufweist, sowie (ii) eines Molybdanoxids, das seinerseits im wesentfichen 
gegenuber der katalytischen Oxidation in der Gasphase inert ist. wodurch der entsprechende ungesattigte Akjehyd 
und die entsprechende ungesattigte Carbonsaure bereitgestelft wird. 

55 2. Verfahren nach Anspruch 1 , wobei der ungesattigte Aldehyd und die ungesattigte Carbonsaure entweder Aaolein 
und Acrylsaure Oder Methacrolein und Methacrylsaure sind. 

3. Verfahren nach Anspruch 1 oder 2, wobei das Molybdanoxid, das seinerseits im wesentlichen gegenuber der Kata- 
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lytischen Oxidation in der Gasphase inert ist, ein Molybdanoxid ist, das durch Brennen einer MolyManverbindung 
bei einer Temperatur von 550 bis 700 °C hergestelft wurde. 

4. Verfahren nach einem der Anspruche 1 bis 3, wobei der Katalysator und das Molybdanoxid, das seinerseits im 
5 wesentlichen gegenuber der katalytischen Oxidation in der Gasphase inert ist als eine aus einem Gemisch des 

Katalysators und des Molybdanoxids erzeugte Form verwendet wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei die kataJytische Oxidation in der Gasphase in einem Festbett* 
reaktor mit mehreren Rohren durchgefuhrt wird. 

w 

6. Verfahren zur Hersteilung eines ungesattigten AJdehyds und einer Carbonsaure durch kataJytische Oxidation von 
Propylen, Isobutyien oder tertiar-Butanol in der Gasphase mit molekularem Sauerstoff in Gegenwart eines Kataly- 
sators, umfassend Kompositoxid der Forme) 

is MOaBibFecAdSeCf D g O x 

in der Mo, Bi, Fe und O fur Molybdan, Wismut Eisen beziehungsweise Sauerstoff stehen; A fur Nickel und/oder 
Kobalt stent; B fur wenigstens ein Element, ausgewahtt aus Mangan, Zink, Calcium, Magnesium, Zinn und Blei, 
stent; C fur wenigstens ein Element, ausgewahtt aus Phosphor, Bor, Arsen, Teliur, Wolfram, Antimon und Silicium, 
20 stent; D fur wenigstens ein Element ausgewahtt aus Kalium, Rubidium, Casium und Thallium, stent; falls a = 12 
ist, gilt 0<b^10, 0<cstO, 1<d^10, Ose^lO. Osf^O und 0<g*2. und x ein en von der Oxidationsstufe des entspre- 
chenden Elements abhangenden Wert aufweist dadurch gekennzeichnet daB der aufgrund der katalytischen Oxi- 
dation in der Gasphase verschlechterte Katatysator nach Mischen mit einem Molybdanoxid, das seinerseits im 
wesentlichen gegenuber der katalytischen Oxidation in der Gasphase inert ist erneut verwendet wird. 

25 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei die kataJytische Oxidation in der Gasphase in einem Festbett- 
reaktor mit mehreren Rohren durchgefGhrt wird. 

8. Verfahren nach Anspruch 6 Oder 7, wobei das Mischen dadurch bewirkt wird, daB der geformte Katalysator, der 
30 aufgrund der katalytischen Oxidation in der Gasphase verschlechtert wurde, putverisiert wird, dieses mit einem 

Pulver des Molybdanoxids, das seinerseits im wesentlichen gegenuber der katalytischen Oxidation in der Gas- 
phase inert ist, gemischt wird und das Gemisch geformt wird. 

9. Verfahren nach Anspruch 6 oder 7, wobei das Mischen dadurch bewirkt wird, daB der geformte Katafysator, der 
35 aufgrund der katalytischen Oxidation in der Gasphase verschlechtert wurde, mit einem Formteil, das Molybdan- 
oxid, das seinerseits im wesentlichen gegenuber der katalytischen Oxidation in der Gasphase inert ist, enthalt, 
gemischt wird. 

10- Verfahren nach Anspruch 8, wobei das Molybdanoxid, das seinerseits im wesentlichen gegenuber der kataiyti- 
40 schen Oxidation in der Gasphase inert ist, in einer Menge von 3 bis 20 Gewichts-%, bezogen auf den aufgrund der 
katalytischen Oxidation in der Gasphase verschlechterten Katalysator, verwendet wird. 

11. Verfahren nach Anspruch 9, wobei das Molybdanoxid, das seinerseits im wesentlichen gegenuber der katalyti- 
schen Oxidation in der Gasphase inert ist in einer Menge von 5 bis 40 Volumen-%, bezogen auf den aufgrund der 

45 katalytischen Oxidation in der Gasphase verschlechterten Katalysator, verwendet wird. 

12. Verfahren nach einem der AnsprOche 7 bis 9, wobei ein Teil des Katalysators. der in einem Reaktantgaseinlal&e- 
reich vorhanden ist und der aufgrund der katalytischen Oxidation in der Gasphase verschlechtert wurde. im 
Gemisch mit dem Molybdanoxid, das seinerseits im wesentlichen gegenuber der katalytischen Oxidation in der 

so Gasphase inert ist, eingesetzt wird. 

13. Verfahren zum Regenerieren eines Katalysators. umfassend Mischen (i) eines Katalysators, umfassend Komposi- 
toxid der Formel 

55 MOaBifaFecAdBeC, D g O x 

in der Mo, Bi, Fe und O fur Molybdan, Wismut Eisen beziehungsweise Sauerstoff stehen; A fur Nickel und/oder 
Kobalt stent; B fur wenigstens ein Element ausgewahtt aus Mangan, Zink, Calcium, Magnesium, Zinn und Blei, 



15 



EP0 630 879B1 



steht; C fOr wenigstens ein Element, ausgewahlt aus Phosphor, Bor, Arsen, Teilur, Wolfram, Antimon und Silicium, 
steht; D fur wenigstens ein Element ausgewahlt aus Kalium, Rubidium, Cflsium und Thallium, steht; falls a = 12 
ist. gift 0<te10 ( 0<C£10, 1sc&10, O^eslO. 0<fe20 und 0<g^2, und x einen von der Oxktetionsstufe des entspre- 
chenden Elements abhdngenden Wert aufweist, wobei der Katalysator in der katalytischen Oxidation von Propy- 
5 lea Isobutylen oder tertiar-Butanol in der Gasphase unter Verw ndung von molekularem Sauerstoff verwendet und 
durch diese verschlechtert wurde und (it) eines Molybdanoxids, das seinerseits im weserrtiichen gegenuber der 
katalytischen Oxidation in der Gasphase inert ist 

Revendications 

10 

1 . Procede de production d'un aldehyde insature et d'un acide carboxylique insatur6 qui comprend la soumission du 
propylene, de Hsobutylene ou du t-botanol a une oxydation catalytique en phase gazeuse avec de I'oxygene mole- 
culaire en presence de (i) un catalyseur comprenant un oxyde composite represents par la forrrtuie : 

15 MOaBibFecAdBeCfDgO, 

dans laquelle Mo, Bi, Fe et O representent le molybdene, le bismuth, le fer et I'oxygene respectivement ; A repre- 
sents le nickel et/ou le cobalt ; B represente au mans un element choisi parmi les manganese, le zinc, le calcium, 
le magnesium, retain et le plomb ; C represente au moins un element choisi parmi le phosphore, le bore, I'arsenic, 
20 le tellure, le tungstene, i'ant'moine et le silicium ; D represente au moins un element choisi parmi le potassium, le 
rubidium, le cesium et le thallium ; dans le cas ou a = 12, 0<b*10, 0<C£10, 1^10, 0*e*10. 0sfc20 et 0<g^2 ; et 
x a une valeur qui depend de I'etat d'oxydation des Elements respectrfs et (ii) un oxyde de molybdene qui est en lui 
meme pratiquement inerte vis-a-vis de cette oxydation catalytique en phase gazeuse pour fournir I'aldehyde insa- 
ture et I'acide carboxylique insature correspondartt. 

25 

2. Procede suivant la revendication 1 , dans lequel cet aldehyde insature et cet oxyde carboxylique insature sont soit 
i'acroleine et I'acide acrylique , soit la methacroleine et I'acide methacrylique. 

3. Procede suivant les revendications 1 ou 2, dans lequel cet oxyde de molybdene qui est en lui meme pratiquement 
30 inerte vis-a-vis de cette oxydation catalytique en phase gazeuse est un oxyde de molybdene prepare* par calcina- 
tion d'un compost du molybdene a une temperature comprise entre 550 et 700°C. 

4. Procede suivant j'une quelconque des revendications 1 a 3, dans lequel ce catalyseur et cet oxyde de molybdene 
qui est en lui meme pratiquement inerte vis-a-vis de cette oxydation catalytique en phase gazeuse sont utilises 

35 sous la forme d'un moulage forme a partir d'un melange de ce catalyseur et de cet oxyde de molybdene. 

5. Procede suivant i'une quelconque des revendications 1 a 4, dans lequel cette oxydation catalytique en phase 
gazeuse est conduits dans un reacteur multrtubulaire k lit fixe. 

40 6. Procede de production d'un aldehyde insature et d'un acide carboxylique insature par soumission de propylene, 
d'isobutylene ou de t-butanol a une oxydation catalytique en phase gazeuse avec de I'oxygene moleculaire en pre- 
sence d'un catalyseur comprenant un oxyde composite represente par la formula 

MOaBibFecAcB^DgOx 

45 

dans laquelle Mo, Bi, Fe et O representent le molybdene, le bismuth, le fer et I'oxygene respectivement ; A repre- 
sente le nickel et/ou le cobalt ; B represente au moins un element choisi parmi le manganese, le zinc, le calcium, 
le magnesium, retain et le plomb ; C represente au moins un element choisi parmi le phosphore, le bore, I'arsenic, 
le tellure, le tungstene, I'antimoine et le silicium ; D represente au moins un element choisi parmi le potassium, le 
so rubidium, le cesium et le thallium ; dans le cas ou a = 12, 0<b£l0, 0<C£10, 0se*10, Osf^O et 0<g£2 ; et 
x a une valeur qui depend de I'etat d'oxydation des elements respectifs, caracterise en ce que le catalyseur dete- 
riore en raison de cette oxydation catalytique en phase gazeuse est reutilise apres melange de celui-ci avec un 
oxyde de molybdene qui est en lui meme pratiquement inerte vis-a-vis de cette oxydation catalytique en phase 
gazeuse. 

55 

7. Procede suivant Tune quelconque des revendications 1 k 6, dans lequel cette oxydation catalytique en phase 
gazeuse est conduite dans un reacteur multrtubulaire k lit fixe. 
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8. Proced6 suivant les revendications 6 ou 7. dans lequel ce melange est effectue par pulv&isation du catatyseur 
mouie. det6rior6 en raison de cette oxydation catatytique en phase gazeuse, melange de celui-d avec une poudre 
de cet oxyde de molybdene qui est en lui m§me pratiquemerrt inerte vis-a-vis de cette oxydation catatytique en 
phase gazeuse et moulage du melange. 

9. Proc6d6 selon les revendications 6 ou 7, dans lequel ce melange est effectue par melange du catatyseur mould 
det6rior6 en raison de cette oxydation catatytique en phase gazeuse avec un moulage contenant cet oxyde de 
molybdene qui est en lui mfime pratiquemerrt inerte vis-&-vis de cette oxydation catatytique en phase gazeuse. 

10. Procede suivant la revendication 8, dans lequel cet oxyde de molybdene qui est en lui mSme pratiquemerrt inerte 
vis-e-vis de cette oxydation catatytique en phase gazeuse est utilise en une quantity de 3 £ 20 % en potds par rap- 
port au catatyseur deterior6 en raison de cette oxydation catatytique en phase gazeuse. 

11. Proc6de suivant la revendication 9, dans lequel cet oxyde de molybdene qui est en lui mdme pratiquemerrt inerte 
vis -e-vis de cette oxydation catatytique en phase gazeuse est utilise en une quantity de 5 k 40% en volume par 
rapport au catatyseur d6t6rior6 en raison de cette oxydation catatytique en phase gazeuse. 

1 2. Procede suivant Tune quelconque des revendications 7 a 9. dans lequet une parti e de ce catatyseur qui est present 
dans une region d'entree du gaz reactif et qui a et6 deteriore en raison de cette oxydation catatytique en phase 
gazeuse est utilise en melange avec cet oxyde de molybdene qui est en lui mgme pratiquemerrt inerte vis-a-vis de 
cette oxydation catatytique en phase gazeuse. 

13. Proceed de regeneration d'un catatyseur qui comprend le melange (i) d'un catatyseur comprenant un oxyde com- 
posite represente par la formule : 

MOaBibFecA^CfDgOx 

dans taquetle Mo, Bi, Fe et O represerrterrt le molybdene, le bismuth, le fer et I'oxygene respectivement ; A repre- 
sente le nickel et/ou le cobalt ; B represente au moins un element choisi parmi le manganese, le zinc, le calcium, 
le magnesium, retain et le plomb ; C represente au moins un element choisi parmi le phosphore, le bore, I'arsenic, 
le tetlure, le tungstene, I'antimoine et le silicium ; D represente au moins un element choisi parmi fe potassium, le 
rubidium, le cesium et le thallium ; dans le cas ou a = 12, 0<b^10. 0<C£10. 1^10, 0£e^10, 0^20 et 0<g*2 ; et 
x a une valeur qui depend de retat d'oxydation des elements respectifs, qui a ete utilise dans I'oxydation catatytique 
en phase gazeuse du propylene, de llsobutyldne ou du t-butanol avec de I' oxygene mdeculaire et deteriore en rai- 
son de cette oxydation, et (ii) dun oxyde de molybdene qui est en lui mfime pratiquement inerte vis-a-vis de cette 
oxydation catatytique en phase gazeuse. 
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